ABSTRACT -Gastric cancer is one of the most common cancers and a main cause of cancer-related death worldwide, since the majority of patients suffering of this malignancy are usually faced with a poor prognosis due to diagnosis at later stages. In order to improve treatment outcomes, the association of surgery with chemo and/or radiotherapy (multimodal therapy) has become the standard treatment for locally advanced stages. However, despite several treatment options currently available for management of these tumors, perioperative chemotherapy has been mainly accepted for the comprehensive therapeutic strategy including an appropriated D2-gastrectomy. This manuscript presents a (nonsystematic) critical review about the use of perioperative chemotherapy, with a special focus on the drugs delivery.
INTRODUCTION
Gastric cancer (i.e.: gastric adenocarcinoma) is one of the most common cancers and a main cause of cancer-related death worldwide, accounting for 10% of all oncological deaths (29) . Unfortunately, only 10% to 20% of tumors are diagnosed early enough to be candidates for curative resection in Western countries (20) . In Brazil, 20,000 new cases are estimated to occur in 2012/2013 (10) with only about 10% staged as early tumors (39) . Herein, these rates may be as low as 3.8%-5.2% in some North and Northeast regions (11, 60) , where 78% of patients are diagnosed with TNM stages III or IV (3, 60) . In these settings, gastric cancer patients are usually faced with a very poor prognosis and mortality rates remains quite high (24, 64) . Surgery remains the mainstay for cure and should be considered for all patients with potentially resectable gastric cancer who are fit for a major surgery. However, despite surgery alone usually provides a favorable prognosis in early gastric cancer, most locally advanced tumors eventually recur even after a complete resection (R0). Therefore, the association of surgery with chemo and/or radiotherapy (multimodal therapy) has become the established treatment for locally advanced stages.
Currently, several acceptable perioperative chemotherapy or chemoradiation regimens are available for a multimodal management of locally advanced gastric cancers. However, despite 5FU-based chemoradiation has been considered standard for many years in the
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adjuvant setting (36) , perioperative chemotherapy without radiation has been nowadays mainly accepted for the comprehensive therapeutic strategy including an appropriated D2-gastrectomy (7) . This current study provides a (nonsystematic) critical review about the use of perioperative chemotherapy, with a special focus on the drugs delivery.
CHEMOTHERAPY APPROACHES

Adjuvant chemotherapy
By the observation of chemosensitivity in metastatic gastric cancers, many randomized trials have investigated the role of adjuvant chemotherapy in an attempt to increase cure rates after surgery for resectable gastric cancers (4, 6, 9, 14, 18, 19, 32, (40) (41) (42) (49) (50) (51) . (Table 1) Depite early trials presented negative results, possibly due to the use of old (and less effective) cytotoxic regimens; two main Asian trials were able to demonstrate survival benefit favoring the experimental arm of surgery plus adjuvant chemotherapy (6, 50, 51) . In 2007, the first of these trials (ACTS-GC) (50) tested the use of S-1 in Japanese patients with stage II or III gastric cancer who underwent D2-gastrectomy. This drug is an orally active combination of tegafur (a prodrug that is converted by cells to fluorouracil), gimeracil (an inhibitor of dihydropyrimidine dehydrogenase, which degrades fluorouracil), and oteracil (which inhibits the phosphorylation of fluorouracil in the gastrointestinal tract, thereby reducing the gastrointestinal toxic effects of fluorouracil). This trial accrued 1,059 patients and was discontinued earlier because the experimental arm had achieved higher overall (80.1% vs 70.1%) and relapse-free (72.2% vs 59.6%) 3-year survival rates than the surgery-only group. The hazard ratio for death (HR 0.68; 95% CI, 0.52 to 0.87; P = 0.003) and relapse (HR 0.62; 95% CI, 0.50 to 0.77; P<0.001) favored the S-1 group, whereas the longer follow-up corroborated these results. The overall 5-year survival rate was 71.7% in the S-1 group vs. 61.1% in the surgery-only group (HR = 0.669; 95% CI, 0.540 to 0.828), and the relapse-free survival was 65.4% vs 53.1% (HR = 0.653; 95% CI, 0.537 to 0.793), confirming the benefit of adjuvant chemotherapy in stage II or III gastric cancer patients who have undergone D2-gastrectomy (51) . The second Asian study, Capecitabine and Oxaliplatin Adjuvant Study in Stomach Cancer (CLASSIC) (6) , recently also presented the role of adjuvant chemotherapy after D2 gastrectomy in stage II or III gastric cancer patients. After a median follow-up of 34 months, the chemo group had a higher rate of overall (83% vs 78%) and relapse-free (74% vs 59%) 3-year survival than the surgery-only group. The hazard ratio was 0.72 (95% CI, 0.52 to 1.00; P<0.0001) for death and 0.56 (95% CI, 0.44 to 0.72; P<0.0001) for relapse, favoring the use of postoperative chemotherapy, including consistent benefit for all disease stages. With these findings, the authors suggested adjuvant capecitabine and oxaliplatin as a new treatment option for patients with resectable disease.
Many meta-analyses also have confirmed the benefit of postoperative chemotherapy on gastric cancer patients (23, 26-28, 30, 35, 43, 44, 47, 56, 63) . In the last of these (23) , The Global Advanced/ Adjuvant Stomach Tumor Research through the International Collaboration (GASTRIC) group conducted an individual patient data analysis and found a modest but significant survival advantage for postoperative chemotherapy, based on data available from 17 trials including 3838 patients with a median follow-up exceeding 7 years. Accordingly, adjuvant chemotherapy was associated with a statistically significant benefit in terms of overall (HR, 0.82; 95% CI, 0.76 to 0.90; P<0.001) and disease-free survival (HR, 0.82; 95% CI, 0.75 to 0.90; P<0.001). An absolute improvement of about 6% in overall survival was observed after 5-year, which was sustained at 10-year.
Perioperative chemotherapy (adjuvant and neoadjuvant)
Two trials -the Medical Research Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) (16) and the French Action Clinique Coordonnées en Cancéologie Digestive (ACCORD-07) (62) -have found that perioperative chemotherapy provided better outcomes than surgery alone for gastric cancer patients. These trials supported the use of chemotherapy in a pre-and postoperative manner. These studies have changed the clinical practice across Europe after a significant improvement in survival has been reported. Together, they are currently the cornerstone references to support the use of perioperative chemotherapy for locally advanced gastric cancer patients.
In the MAGIC trial (16) , 503 patients with resectable adenocarcinoma of the stomach, esophagogastric junction, or lower esophagus were randomly assigned to either perioperative chemotherapy plus surgery (n = 250) or surgery alone (n = 253). Chemotherapy consisted of three preoperative and three postoperative cycles of intravenous epirubicin (50 mg per square meter of body-surface area) and cisplatin (60 mg per square meter) on day 1, and a continuous intravenous infusion of fluorouracil (200 mg per square meter per day) for 21 days.
When compared with the surgery-only group, the perioperative chemotherapy group had a significantly higher likelihood of progression-free (HR = 0.66; 95% CI = 0.53 -0.81; P<0.001) and overall survival (HR = 0.75; 95% CI = 0.60 -0.93; P = 0.009). Curative resections were more frequent in the chemotherapy plus surgery arm, compared to surgery alone (P = 0.03). Postoperative complications rates were similar in the two groups (45.7% vs 45.3%), as (14) 205 LFC 39% vs 39% (5y) − − − Popiela et al. (49) 156 FAM 30% vs 15,2% (10y) 0,82 (0,65 -1,01) − − Bouché et al. (9) (62) also supported the MAGIC trial. In this study, 224 patients with resectable gastric or gastro-oesophageal junction adenocarcinoma were randomly assigned to either perioperative chemotherapy plus surgery (n = 113) or surgery alone (n = 111). Chemotherapy consisted of two-three preoperative cycles of intravenous cisplatin (100 mg/m 2 ) on day 1, and a continuous intravenous infusion of fluorouracil (800 mg/m 2 /d) for 5 consecutive days (days 1 to 5) every 28 days; and three-four cycles of adjuvant chemotherapy were given to those in the latter group who responded to preoperative chemotherapy or had stable disease, accounting for a total of six cycles.
Compared to surgery-alone arm, the perioperative chemotherapy arm had a significantly higher overall survival (HR, 0.69; 95% CI, 0.50 to 0.95; P = 0.02) and disease free survival (HR = 0.65; 95% CI, 0.48 to 0.89; P = 0.003). The R0 resection rate after perioperative therapy was significantly improved compared to surgical resection alone (P = 0.04), and postoperative morbidity and mortality rates were similar in the two groups (25.7% vs 19.1% and 4.6% vs 4.5%; respectively). The authors also observed a downsizing for tumor and nodal stages in the mutimodal treatment arm, but only 50% of the patients were able to restart postoperative chemotherapy and just 23% of them completed the protocol. Table 2 summarizes the main improvements resulted from the MAGIC (16) and ACCORD-07 (62) trials. Both studies demonstrated that perioperative chemotherapy with a regimen of either, ECF or CF, improves overall and progression-free survival among patients with gastric cancers compared to surgery alone, with an estimated improvement of 13%-14% in the 5-year survival rate and a 25%-31% reduction in the risk of death, despite fewer than 50% of patients received postoperative chemotherapy in both trials.
Neoadjuvant chemotherapy
There is currently no phase III study supporting a purely neoadjuvant strategy for resectable gastric cancer. The European EORTC 40954 phase III trial (52) was designed with end-points analyzing the efficacy of preoperative treatments to be demonstrated. However, the adoption of strict selection criteria made patient selection so difficult that the study was prematurely terminated. This trial tested a combination of cisplatin, 5-FU and folinic acid (PLF) delivered for two cycles before surgery compared to surgery alone. Study protocol was closed due to poor recruitment and, although an increased rate of R0 resections has been reported (81.9% vs 66.7%, P = 0.036), no significant effect on survival was demonstrated (HR 0.84, 95% CI 0.52-1.35; P = 0.466).
Previously, the Dutch FAMTX trial (25, 54) also had attempted to address this important issue but failed to provide any definitive answer. Similarly, this study was prematurely closed after 59 patients have been enrolled, when an interim analysis showed inadequate rates of curative resection in the chemotherapy group. Herein, patients were randomized to receive four courses of chemotherapy using 5-fluorouracil, doxorubicin and methotrexate (FAMTX) prior to surgery or to undergo surgery alone. Nevertheless, resectability rates were equal for both groups and despite a complete or partial response has been registered in 32% of the FAMTX group, the median survival since randomization was only 18 months in the FAMTX group versus 30 months in the surgery alone arm (P = 0.17).
DISCUSSION
Patients with gastric cancer should undergo a pre-treatment multidisciplinary assessment to determine the best plan of care and, in addition to a D2-gastrectomy, all patients with locally advanced disease should be considered for some neoadjuvant and/or adjuvant therapy. The challenge now is to select the appropriated combination for each clinical presentation whereas an optimal approach has not been established yet.
Most of limitation in worldwide acceptance of adjuvant chemotherapy alone lies on the disparities in Eastern vs Western approaches to the management of gastric cancer (45, 46) , specially regarding some confounding results for the use of S-1 chemotherapy in non-Asian patients. However, comparison of the pharmacokinetics and pharmacodynamics of S-1 between Caucasian and East Asian patients yields no significant difference in 5-fluorouracil exposure between them (15) and some clinical studies have demonstrated that either the most common oral fluoropyrimidines, namely S-1 and capecitabine, present similar efficacy and safety, and appears to be equally applicable for both populations (1, 53, 61) . Moreover, the GASTRIC group report was based on individual patient data meta-analysis, which is the main reliable means to provide an exhaustive and unbiased summary of the available evidence on a clinical question of interest and complete large well-conducted trials. It included most of the items deemed necessary for a well-conducted meta-analysis except a list of excluded studies, which few meta-analyses provide, and an assessment of the likelihood of publication bias. There was no significant heterogeneity for overall survival across trials (P = 0.52) or the four regimens of chemotherapy studied (P = 0.13). This meta-analysis demonstrated that there is a survival advantage in using postoperative chemotherapy to treat gastric cancer patients (23) . Another major concern in the perioperative management of gastric cancer is whether the preoperative vs postoperative chemotherapy mainly contribute to improve patients survival. The SWS-SAKK 43/99 trial (8) tried to address this relevant issue, but it was prematurely stopped due to insufficient accrual and failed to provide a definitive answer. Herein, the authors confirmed the difficulties in administering intensive adjuvant chemotherapy in gastric cancer patients (four cycles of docetaxel, cisplatin and 5-fluorouracil, either preoperatively or postoperatively), but this study did not provide information on efficacy because of early discontinuation. Presently, the design of ongoing docetaxel/oxaliplatin/S-1 regimen as neoadjuvant chemotherapy in advanced gastric cancer (PRODIGY) has the potential to collaborate to the theorical advantages of perioperative (pre-and postoperative) chemotherapy over adjuvant chemotherapy alone. This study was designed to compare differences in progression free survival between these two established practices (NCT01515748). Currently, there is no definite evidence supporting one approach over the other.
The difficulty of delivering adjuvant strategies to the patient following major surgery suggests that chemotherapy may be more safely administered preoperatively in patients suffering of gastric cancer (8, 12, 16, 21, 62) . Theoretical benefits of neoadjuvant approach is that chemotherapy delivery may be more efficient if given prior to surgical disruption of tumor vasculature and also concerns micrometastasis that are undetectable at the start of treatment and could remain untreated for several weeks when the surgery-first strategy is selected. Adittionally, preoperative chemotherapy can be used to evaluate tumor chemosensitivity to cytotoxic medications and may result in downstaging of the tumors, which consequently may improve the curative resection rate in patients with advanced T and N stages. Finally, this approach may also improve patient tolerance since performance status is usually negatively impacted by surgery-related morbidity and symptoms (18, 33, 52) . Despite neoadjuvant chemotherapy has drawn more attention in the current multidisciplinary treatment model (13, 33) and appears not associated with increased postoperative mortality (16, 34, 62) , lack of response to this approach may delay curative surgery and chemotherapy-induced toxicity may also increase surgical complications, specially after a D2-dissection (2, 33, 52) . Whereas preoperative chemotherapy is an effective manner to increase R0 rates (16, 62, 33, 48) and whether these findings are associated with improved overall survival requires further studies (13, 52) . Up to now, neoadjuvant chemotherapy appears to improve outcomes only if added to some adjuvant approach (13) , whereas the low rates of pathological complete response (even after more effective chemotherapy regimens) (8, 22) and the possibility of tumor cells dissemination during surgical maneuvers (37, 38) suggest the need for maintenance of some adjuvant component of treatment in order to enhance results from a comprehensive management.
On the other hand, the perioperative approach, including pre-and pos-operative chemotherapy, seems to be a very attractive treatment option for patients with locally-advanced gastric carcinoma due to the possible sum of the benefits of both approaches. Additionally, since the publication of MAGIC (16) and ACCORD-07 (62) trials, some changes in chemotherapy regimens have been proposed. Lessons from management of metastatic disease has pointed that replacement of cisplatin by oxaliplatin and/or fluorouracil by capecitabine does not impair the treatment efficacy (17, 55) but may improve delivery convenience (57) and offer a different toxicity profile (17, 55) . Also, incorporation of docetaxel, as in DCF, or other active drug(s), has also become an atractive option for selected patients in good condition (31, 58, 59) , and represents currently reasonable treatment options in the perioperative settings (22) (Figure 1 ). Finally, multiple biologic agents are currently under investigation for use in gastric cancer and represent a promising strategy also to be explored in the perioperative setting. The addition of these biological agents to the optimal chemotherapy or chemoradiation regimens may achieve further improvements in efficacy. Due to the success of the MAGIC trial in the United Kingdom, the MAGIC-B trial (MRC-ST03) is ongoing to determine the efficacy of adding beva cizumab to adjuvant chemotherapy. (NCT00407186) This European randomized phase III trial will assess the safety and efficacy of neoadjuvant and adjuvant chemotherapy including epirubicin, cisplatin and capecitabine with or without bevacizumab in patients with untreated resectable gastric or gastroesophageal junction cancer. The results of this study may clarify the role of bevacizumab in the perioperative setting. Similarly, on the basis of promising findings from ToGA (5) and CLASSIC (6) trials, a study of capecitabine and oxaliplatin plus trastuzumab after D2-gastrectomy in patients with human epidermal growth factor receptor (HER)- 
CONCLUSIONS
The scalpel-alone policy for locally advanced gastric cancer is currently over. Adjuvant chemotherapy may be now recommended for patients who have not received perioperative treatments after complete resection of their gastric cancer, especially when a D2 dissection was performed. While there is no clear evidence to utilize neoajuvant chemotherapy alone, the MAGIC and ACCORD-07 trials support the perioperative chemotherapy (neoadjuvant and adjuvant) as a standard approach level A in the management of resectable locally-advanced adenocarcinoma of stomach, no matter what proximal or distal tumors. However, further effort is still necessary to determine the best treatment plan. A possible and easy way to improve its efficacy is modify the timing of drug delivery by applying most cycles before surgery in order to increase completeness of the protocol. Another promising manner is to combine chemotherapy with biological agents.
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